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REPORT UPON THE BLASTING OPERATIONS AT LIME POINT, CAL-
IFORNIA, IN 1868 AND 1869.

San Francisco, Cal., April 5, 1880.

General : After the lapse of some years I review the blasting opera-

tions by mines which took place at Lime Point in 1868 and 1869.

There were three sets of mines exploded: the first, that of May, 1868,

containing three charges, in gross 10,150 pounds of powder; the second,

of October, 1868, in a series containing 24,000 pounds; the third in

April, 1869, of 16,500 pounds in three mines.

At the time these explosions were made, this method of excavation

was new in America. It had, however, been applied in Great Britain

—

at Holyhead to obtain material for the construction of a breakwater

;

near Dover in making a road-bed along the Chalk Cliffs, and at Furnace^

Scotland, in quarrying.

Since the dates of the Lime Point explosions, even larger charges

have been fired for the purpose of breaking up the cemented auriferous

gravel banks in California, into sizes capable of being handled by the

processes of hydraulic mining.

It is hoiked that a history of the operations at Lime Point and an ac-

count of the impressions which they created upon the minds of those best

acquainted with the circumstances, may have some value to those who
may at any future time be called upon to conduct similar operations. It

is in this hope that a revision of the subject is undertaken.

The details of the operations of preparing the mines for explosion, as

hereafter to be described, were substantially the same in all of the cases.

Successive operations suggested no improvement of any importance in

the preliminary process. In the later blasts, however, the charges were

proportioned more liberally.

The detritus of but one of these blasts was entirely cleared away.

The second and third were partially cleared up. Excavation was sus-

pended in the spring of 1869 and has never been resumed. The foot of

the talus of the last blast was well out in the sea at the base of the cliff.

The storms and currents have broken down and carried away much of

the finer detritus, and many thousand yards, reinforced by additions

from the hill above, shaken by the explosion, remain as a monument

Owing to this suspension of work it has not been possible to ascer-

tain accurately the results of these blasts, which if done would go far

in helping to lay down a rule for the proportioning of charges more

definite than is now possible. It is already, however, proved that mine



blasting is beypnd comparison tlie cheapest way of breaking a great

mass into shape for handling by ordinary appliances for removal.

The detritus.was thrown into the sea first by shovels, next by wheel-

barrows, Succeeded successively as the distanc^^of removal became
greater, by hand-carts holding 11 feet, and by horse carts containing

about 17 cubic feet. It was found that wheelbarrows were cheaper than

carts to a distance of about 75 feet, at which point hand-carts became
the cheapest, maintaining the advantage to about 130 feet, while for

greater distances horse-carts were to be preferred. This method of re-

moval does not correspond to the scale of making detritus. A single

blast brings down and breaks up a quantity of material, the removal of

which will occupy for months all the men that can be crowded upon it.

It was also found in clearing up, that the bank was stiff in places, and
the material not well broken up. The stiffnet^s of the bank admits of ex-

planation on account of the dip of the strata, as will presently be noted,

but there remains no doubt that better results would have been obtained

by burning more powder. The advantage of using liberal charges, under

the particular circumstances of this case, is not confined to a more

thorough breaking of the mass. There is some advantage gained by the

transporting i)ower of the explosion, which saves handling by the slow

and expensive process that has been mentioned. The proximity of the

sea, into which all the detritus is to be thrown, accounts for the latter

advantage in this case. Powder used in this way is believed to be a

cheaper agent than human muscle.

This sketch, a vertical section, illustrates the manner of explosion of

the first blast. The strata dip to the west. The hill was entered from

the east, and the charge was placed to throw to the east. The base of

the hill on the east was cut away as represented by the dotted line to

make the shortest line to the air, horizontal or nearly so. In spite of this

precaution, the explosion broke out of the hill nearly along the line of

the strata, and left the bank immediately in front of the charge shaken,

but yet quite stiff. A charge placed to throw material to the west instead

of the east would, with this direction of dip, give decidedly better results.

This illustrates the importance of a proper location of the charge. In

this i3articular case there was no choice open ; want of accessibility of the

west side of the hill compelled the attack on the east side.
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The lines of least resistauce varied in dilferent mines from 30 to 60
feet, and the mines were generally spaced at distances apart about equal

to the lines of least resistance.

These preliminary remarks of a general character seem to introduce

a more detailed account.

DEiSCRIPTION OF HlME POINT.

Lime Point is the site of a proposed casemated work for the defense

of the Golden Gate, the throat of the harbor of San Francisco. The
name of the point is supposed to have been given on account of the

whitish appearance of some adjacent rocks, produced by deposits of

bird-lime. The name is inappropriate to the chemical constitution of

the rocks, which are not calcareous, as will be seen in the following

description given by Prof. W. P. Blake and published in Vol. V., Pacific

Eailroad lieports:

They are, to all appearance, a metaruorpliosed or cliaDged portion of the sandstone

formation. At Lime Point they exhibit regular stratifications with the planes near

vertical or inclining westward. Portions of the strata are very finely stratified, the

layers being not over one-half inch thick, and yet they are well defined and apparently

very hard.

On Lime Point there are beautiful flexures and fold of the strata, some of them of

considerable extent, and others are local, showing many bends and short angles within

the space of a square yard, resembling the compressed and crumpled leaves of a book

in the number of their layers and their conformity through all the bends.

The lithological character of these strata is very interesting. They are hard, flint-

like and jaspery, and occur of various colors; the most common color is a dark red-

dish-brown or chocolate, but this is often intermixed with yellow and green.

Lime Point rises from the sea to the height of 250 feet with a very

steep slope, not always the same in different places. Jt is composed

almost entirely of rock, there being a thin deposit of soil on the top and

here and tliere on the slope, where a slackening in the declivity gives a

resting place to a little accumulation of soil. The strata of this red

laspery stone dip steeply to the west.

The hill was, at the beginning of our operations, almost inaccessible.

A boat could, of course, land at the point in a sheltered place, but none

but an expert climber could scale its slopes, even in the most favorable

places. As a rule, a boat could not make a landing on the exposed side.

The shore from the point extending northward to the wharf-landing

presented much the same characteristics of steep outlines. The rock,

however, appears to vary in quality and hardness as you go along the

shore. A good deal of an extremely hard blue sandstone occurs along

the shore, and some is found at the point itself, alongside of the red

rock.

A wagon-road Avas made from the wharf to the Point, its level being

a few feet above the sea. This was a slow and expensive work, and as

it neared completion a system ol operations was adopted for the excava-

tion of the site, which was now rendered possible. The i)roblem was

the following

:
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THE PROBLEM.

This rocky hill is to be cut down to the level of 20 feet above low-

water. The steep slopes of the faces terminate at the level of 250 feet

in a narrow tongue which ascends less abruptly, rising within the lim-

its of the excavation as at first proposed to a height of 290 feet. The
quantity of excavation thus proposed was over one and a quarter mill-

ion cubic yards. This project was afterwards modified to reduce the

excavation very materially, taking in no ground of greater original

height than 250 feet. Thus modified, the area to be excavated became
about three acres, taken up almost entirely in the existing slopes. This

area was to be leveled at 20 feet above low-water, while the rear slopes

resulting from the excavation were to be left as steep as they would
stand.

Two systems of excavation were possible. The usual system is for

three men to sink a hole with a drill, as deep as may be convenient, per-

haps 20 or 25 feet, charge it with a sufficient amount of powder, and fire

it. Such an operation might throw down 50 or, perhaps, in some cases,

100 cubic yards
;
ordinarily the result would be less than either of these

amounts. A hundred or more squads of men might be employed in

drilling these holes. The great expense of this system lies in the quan-

tity of labor required to place a charge of powder. Moreover, under

this system one pound of powder does very well to throw down a cubic

yard of rock.

The other system, which for distinction is called the system of mines
^

is to excavate a tunnel, or it may be a shaft, to communicate with a

series of chambers, each of which shall contain several thousand pounds

of powder, and^ by one operation accomplish in a short time, with the

labor of but few men, what could not be accomplished by any number
of men in the same time. Inasmuch as the clift' had considerable alti-

tude it was possible, under this system, to make the weight of the

upper-lying masses the element of their own destruction. This was to

be accomplished by blowing out the base of the clifl", which done, the

superincumbent mass, being left unsupi^orted, must fall, and under

the fall become more or less disintegrated. The saving of cost under

this system consists in substituting in excavation the use of explosives

for steel and human muscle. One system was wearisome and costly;

the other was speedy, grand, and cheap. Even the grandeur has a

money value by its stimulating effect upon the efforts of the men.

In illustration of the difference in labor, it may be said that a series

of mines may, with the prices existing at that time, be prepared for

16,500 pounds of powder, as was done with the third blast, at a cost of

considerably less than one cent for a pound of powder, whereas the cost

of the system of small charges in hard rock generally costs in labor and

material much more than the powder costs. Moreover, the result per

pound of powder is much greater in the mine system than in the other.

The projected operation was to excavate a heading from the face of
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the hill, on the level of the terrepleln of the fort, carrying it sufficiently

far into the hill to place one or more charges of powder in an advan-
tageous position for blowing out the base of the hill.

THE WAY IN WHICH THE PROBLEM WAS SOLVED.

A tunnel was begun on the 7th March, 1868, and completed on the
11th May. It was 125 feet in length and had two powder chambers.
The galleries afterwards used were 4J feet high by 3 feet wide. The
first one was begun with the dimensions of 6 feet by 4 feet and was ex-

cavated with black powder ; but very shortly some nitro-glycerine was
made at the work, which, mixed with saw-dust, gave a very good sub-

stitute for dynamite, which at that time was not manufactured on the
Pacific coast. Subsequently the manufacture was established, and dy-
namite was afterwards used for the excavation of the tunnel. The use
of this powerful explosive, dispensing with the striking hammer swung
over the shoulder, permitted the heading to be reduced to 4J feet by 3
feet. With this explosive the drilling was by hand with a | inch drill,

to the depth usually of 18 inches. A piece of cartridge 5 inches to 8
inches in length was used in each drill-hole, and was exploded in the

usual way by the percussion of a copper cap charged with fulminate of

mercury. The tunnel was excavated at the rate of 3 feet per day by
three shifts, each working 8 hours. A man made one foot in 8 hours.

In this time he drilled 6 to ()J lineal feet, in 4 or 5 holes.

The first gallery was made with hired labor. Afterwards the galleries

were let at the rate of $5.50 and $5.75 per lineal foot, the miner furnish-

ing everything except the tools, which he kept in repair at the govern-

ment smith-shop. At i)resent prices on the Pacific coast the same work

could probably be done at $4 per foot, and perhaps for less.

The floor of the tunnel at the outer end was placed at the level of the

terreplein, and ascended for drainage at the rate of 1 inch in 10 feet. A
wooden box 2 inches square was laid along the side of the tunnel con-

nected with the charges, for the purpose of holding the Jfuse and wires.

The chambers were lined with rough boxes, raised from the floor where

there was any danger of dripping water. In one case the box was in-

closed in tarred canvas. Generally, however, the chambers were quite

dry. The box being in place, a wall of sods was built up in front, so as

to leave just room enough for convenient loading. The powder was

placed by a chosen man, who received it from the porters. He worked

by the light of a safety-lamp. Glass lanterns were used at other points

to light the tunnel.

The powder used in the first explosion was ordinary nitrate of soda

blasting-power, made in California. Afterwards the powder was salt-

peter cannon and mortar powder, which had been in the government

magazines for years, and which was more or less caked.

The powder-men were required to remove their shoes. Wooden sabots,
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sucli as are commonly used by French peasants, were supplied to take

the place of hobnailed shoes. Some of the men preferred to bind

their feet in gunny-bags, making a rough style of moccasin. The pow-

der was supplied in 2o-i)ound kegs. The kegs were emptied, each into

a sack, and each of the powder-men took a sack and carried it to the

chamber, where it was placed by the loader. About 1,000 to 1,800

pounds were thus placed in an hour. Dijring the loading the ends of

the fuses and the different cartridges of the electric system were placed

in the chamber, evenly spitced, so as to secure as good combustion as

was possible. The chamber being charged, the lid was placed on the

box and the roof space filled as well as possible with sods. The wall of

sods in front of the chauge was comi)leted and communication with the

tunnel was cut off".

A sufficient quantity of sods and earth had been hauled to the mouth
of the tunnel for tamping, which was now begun. Ten men were em-

ployed in this operation, eight of whom carried earth in powder kegs,

while two placed and rammed. A wall of sod was laid up for a few

inches, and the clay rammed behind it; then the wall was raised and the

clay brought to its level, and so on until the tunnel was filled, the last

filling against the roof being rammed horizontally. The charging and
tamping occupied two days.

This was the system followed in all these explosions, and it was our

good fortune to escape without an accident, and without injury either to

men or to property. The chances for accident increase in what may
perhaps be thought a paradoxical way ; that is, the more experience the

men have with any operation involving the use of powder the less careful

they become. We had several illustrations of this.

The first explosion occurred on the llth May. A portion of the tun-

nel being found unbroken, it was untamped and a chamber was exca.

rated at the first bend. A charge of 2,650 pounds was placed in this

chamber and exploded on the 28th May. This completed the first opera-

ti ons, which consumed 10,150 pounds ofpowder, and brought down 50,000

cubic yards of detritus.

:majs>'ee of FiRoa.

. The charges were fired by electricity, using Beardslee^s magnetic ex-

ploder. The wires were laid in a wooden tube 2 inches square, which
also carried the ordinary blasting fuse to be used in case of failure of the

electric system. The latter has so many well-known advantages that it

will always be preferred. In later charges, special arrangements were

made for simidtaneous ignition, the number of cartridges fired being

made proportional to the volume of the charge. The Beardslee machine

gives a cuirent of high tension, requiring good insulation. The gutta-

percha covering of the wire was carefully examined and repaired wher-

ever it was broken.

The arrangement of tiie conduction was to lead branch wires from the
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main and return wires to each cartridge, making as many circuits as-

there were cartridges. The failure of any one cartridge could, therefore^
affect only itself. If the cartridges are all placed on the same circuit,

the instrument must generate force enough to explode all the cartridges
simultaneously. If it fails to do this, and explodes at first but a part of
the cartridges, it becomes impossible, the connection being destroyed, to
fire the remaining cartridges.

Cost of the blasts of May, 1868.

Expenditures in gold.

Labor ^SSI 00
Candles and matches 24 3S
Giant powder, nitro-glycerine, fuse, caps, &c 183 03
Carpentry and lumber 57 OO
Blacksmith's work 168 00
Blasting powder 712 50

1,975 88

Add expenses of last blast 371 60

2,347 48
THE CHARGES.

The first series of mines was charged with nitrate of soda powder,

made in California. In the second and thii'd blasts damaged saltpeter

powder was used. It was obtained from the Ordnance Department
without expense.

The ratio of gases due to chemical constitution is 135 for nitrate of
soda powder to 119 for saltpeter powder. The soda powder, although

the stronger, is more apt to be damaged than the other by dampness.

The circumstances of different blasts, varying in many ways, some of

which are known and some unknown, forbid the formulation of any gen-

eral rule for proportioning the charge applicable in all cases. The rela-

tion of the dip of the strata to the size of the charge has already been,

pointed out. The purpose of the blast, whether intended to break the

material finely for handling, or whether intended to give the maximum
quantity of large pieces suitable, as an instance, for a breakwater, will

go far to vary the proportion. The weight and cohesive strength of the

rock vary in each case. Although these variations demand different

proportions in different cases, yet there is in each history something of

valuable suggestion, if not of guidance, to the judgment.

The rules for charges have generally been derived from military ex-

perience, where mines are used to blow up an enemy or his works.

The charge in pounds is found by multiplying the cube of the line of

least resistauca, expressed in feet, by a coefficent which varies, not only

with the character of the material, but also with the size of the crater.

The principle is to proportion the charge to the work to be done.

Where the charge is placed at the base of a steep slope, for the pur-

pose of blowing out the foot so that the superincumbent mass may fall
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of its own weight, the shortest line connecting the charge and the air

will be perpendicular to the slope. It is desirable that the line of least

resistance should be horizontal. It has been mentioned that the foot

of the slope was cut away before the explosion so as to weaken the

resistance in a horizontal direction in front of the charge. Suppose

that this desirable object be accomplished, then in order to force out

the cone of explosion, we may suppose it to be necessary to lift the

weight which presses upon the conical solid, and resists its expulsion.

This is indeed the first feature of the explosion. The hill seems to

heave slowly as though an Atlas were straining to raise a weight ap-

proaching the limits of his strength. After an instant of upheaval, the

lower mass, relieved from the vertical pressure, begins a forward move-

ment.

It appears, under this statement, to be reasonable to make the ver-

tical thickness above the charge an element in the proportion. Multi-

plying this by the square of the line of least resistance, and using a

proper coefficient, seems to fulfill the natural conditions of the problem.

This view is fortified by an analysis of several hundred small blasts,

the records of which were kept with considerable accuracy. These

examples were plotted, one co-ordinate being the charge in pounds, and

the other successively the first, second, and third power of the line of

least resistance ; and lastly, the product of the height and the second

power of the line of least resistance. The variations were so great in

all of the cases that the results could hardly be held to demonstrate a

proposition which could not jyrim faacie be assumed as a probability,

but the last supposition named gave a decidedly more harmonious result

than either of the others. Applying this principle to the charges of the

first blast, they will be found to correspond with tolerable closeness to

this rule, namely : square the line of least resistance in feet, multiply

by the height in feet, and divide the product by 50 for the charge in

pounds. The heights in these blasts varied from 60 to 80 feet, while the

lines of least resistance were 45 and 50 feet.

It has been explained that on clearing up this blast, which was the

only one cleared up, a considerable portion of the material was found

not to be well shattered. A better result would have followed if the

divisor had been 30 or 40 instead of 50.

In the later two explosions the charges were considerably increased,

and although the detritus was never cleared up, the external evidences

indicated better work.

Another i)oint of importance already mentioned to which particular

attention was paid in the later blasts deserves to be specially noted.

This relates to the number of points of ignition. The largest single

charge exploded was 8,000 pounds. In this charge eight cartridges were

placed and spaced so as to give each fire center about an equal amount
of powder to burn ; that is, there was point of ignition for each thou-

sand pounds of powder. These arrangements for quick and thorough
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combustion become more important as the charges are increased, so as

not merely to move but to shatter.

It follows as a deduction, that this system of frequent and simultane-

ous ignition requires the use of electrical firing.

The product of the first blast was at the rate of 5 cubic yards to one
pound of powder, and the cost was 4^ cents per yard.

The later blasts probably gave something like 3 yards to a pound of

powder, but the material was better broken and moved farther, so that

the later operations are regarded as the more successful.

Prices on the Pacific coast have been reduced perhaps 25 per cent,

since these blasts were made.

It is not probable that good results would follow the use of high ex-

plosives in the mines. These explosives act too quickly.

Their maximum effect occurs before the beginnings of motion are com-

municated over the considerable distances which embrace the mass to

be moved. These stronger powders are, however, the best for the pre-

liminary excavations, particularly in hard rock.

It is now known that the explosive power of common powder fired by
detonation is several times greater than when fired by combustion. It

remains to determine whether or no the newer method of firing impresses

upon common powder the quality which we have regarded as unfavora-

ble for operations of this kind, namely, too quick explosion.

THE PHENOMENON.

I cannot do better than transcribe the description of the first blast,

from the pen of my friend, now dead. General B. S. Alexander, of the

Corps of Engineers. The scale of these operations was a delight to him.

Here, then, we have two charges of powder, one of 4,000 pounds, the other of 3,500

pounds, placed 45 feet apart and 50 feet from the face of a rocky hill, the hill rising

some 250 feet above the powder. We are going to explode them, at the same instant

of time, and see what will happen. It has been our good fortune to have seen much

heavy blasting in our lifetime. We have witnessed the construction of the Baltimore

and Ohio and of the Hudson River Railroads, many portions of which roads were

blasted out of the solid rock, and we have heard the artillery of the Central Pacific

Railroad, in the Sierra Nevadas ;
butneverbeforehadweseenablast like the one now

to be made. The subject had been fully investigated by Colonel Mendell, and the

quantity of powder duly proportioned to the work to be done, but still, before the ex-

plosion, the whole thing was looked upon as an experimental blast. Everything be-

ing in readiness, the wires were connected with the little box, the machine set in

motion, and the connections made, when lo! the mountain was seen to labor. There

was no explosion in the popular sense of that term. A little smoke and flame was

seen to escape through the moving mass of rock, and the whole fiice of the hill in

front of the charges was seen to move outwards, falling down into the sea. And then

was seen a sight rarely witnessed, a hill without a foundation giving away and tum-

bling into the depths below.

There was no noise from the powder, and not a stone was thrown 50 feet from its

position by the force of the explosion. Yet the sight was grand, and being unaccom-

panied by any visible cause, was awful from its very silence. For about half a min-

ute of time the masses of rock above came rolling down the face of the hill to seek their
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watery grave below, presenting to the mind such a prolonged period of instability

that one involuntarily looked beneath him to see if he too was not in motion. When
the rock above had broken away to the height of about 175 feet above the water, the

motion ceased, being renewed, however, from time to time for several hours, as still

other masses above, finding themselves unsupported, broke away and rolled down into

the deep.

The result of this experimental blast, in an engineering view, was very satifactory.

There was neither too much nor too little powder; the simultaneous explosions of the

two charges were etfected perfectly, and the work that was intended to be done was
perfectly accomplished.

CONCLUSION.

A map is inclosed which exhibits the relief of the ground, the shore

line, and the positions and sizes of the various charges.

The broken line A B represents the foot of the rear slope, under the

modified project of excavation.

I am, very respectfully, your obedient servant,

G. H. MenDELL,
Lieut Col.j Corps of Engineers.

The Chief of Engineers,
United States Army.
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